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1 Introduction

In RAN 58 meeting, the study item of 3D MIMO [1] was approved, one of the objectives is to identify modifications to the 3GPP evaluation methodology needed to support the proper modeling and performance evaluation for the scenarios identified being typical.
2 3D channel modeling
Two dimensional channel modeling using geometrical coordinates is shown in figure1.
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Figure1 angle parameters of two dimensional channel modelling 
And if it is extended to three dimensional model, the departure and arrival angels have to be modeled in both azimuth and elevation dimensions. The spherical coordinate system is shown in figure 2.
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Figure 2 Angle parameters of 3 dimensional channel model with spherical coordinate system
Here 
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is the angle between the polarization direction of antenna array and Z axis, 
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is the angle between incoming wave and Z axis, 
[image: image5.wmf]MS

f

is the angle between antenna array and X axis. 
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is the angle between the projection of incoming antenna array and MS broadside. And 
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 is the angle between velocity of MS and MS broadside. In fact, 2D coordinate system is one special case of 3D coordinate system when 
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The 3D channel modeling is extended from 2D channel model with the similar steps as in WINNER group, with the following exceptions:
1) The large scale fading parameter of ESA and ESD should be added in addition to the 2D parameter of DS, ASA, ASD, K and SF. And the cross correlation matrix Cr should also be extended from 5×5 to 7×7, and then get the matrix D, 
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,where W is the random vector with Gaussian distribution.
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Each element of matrix A can be found in the table of WINNER II D1.1.2 and WINNER+ 5.3 as shown below. There is one problem to be solved, the matrix A could not be divided, and the matrix C could not be got by using the values of WINNER.
Table 1 the table of channel model parameter [2]
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Table 2 the correlation information of elevation parameter and other parameters[3]
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The other issue is that in ITU channel model document M.2531, the random rms arrival and departure spread values are limited to 104(, i.e., ( = min(( ,104() . Here the CDF of the azimuth arrival and departure angle spread are shown in figure 2, and also the CDF of the elevation arrival and departure angle spread are shown in figure 3. From the figure, we can see that ESD and ESA are both in certain range, and we think the limited range of elevation angle spread should also be decided.
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Figure 3 CDF of ASA and ASD
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Figure 4 CDF of EASA and EASD
2) The method to get the arrival angle and deparuret angle of vertical dimension is similar with azimuth dimension; the parameter of vertical dimension is referred to the table 3 and table 4.
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table 3 the elevation parameters of different scenarios
Table 4 the cluster parameter of elevation dimension[image: image15.emf]
Generate the channel coefficients for each cluster n and each receiver and transmitter element pair u,s.
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Where
· 
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is the channel response of elevation and azimuth dimension of transmit antenna，[image: image19.png]


 is the polarization direction of transmit antenna, 
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is the azimuth angle of departure, 
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 is the elevation angle of departure[4].
· 
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is the location elements of Tx antenna array s, here we only consider
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 is the distance between two antenna in Y axis, 
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is the distance between two antenna in Z axis. 

· 
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is the departure element of ray n,m.
· 
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is the scalar product of Tx antenna array s and departure element of ray n, m.
· 
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，
[image: image29.wmf]b

is the polarized direction of Rx antenna array, 
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is the azimuth departure angle, 
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 is the elevation departure angle.
· 
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is the location vector Rx antenna array u.
· 
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· Further on assuming only azimuth motion,
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In the LOS case, single line of sight ray and scaling down the other channel coefficient 
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3 Initial simulation results of 3D MIMO
The simulation results of 3D MIMO is given here as shown in the following table, the simulation assumptions are given in the appendix. 
In table 1, we compare the performance of 2D MIMO, 3D MIMO with different fixed beam forming, and 3D MIMO with dynamic beamforming, from the results, we could see that the 3D MIMO with dynamic beamforming could bring performance gain for both cell average and cell centre.
Table simulation results of 3D MIMO and 2D MIMO
	2D spectrum efficiency
(cell average/cell edge )
	Gain
	3D spectrum efficiency (cell average/cell edge)
Vertical fixed beamforming phase 1/[image: image37.png]


[1,1]
	Gain
	3D spectrum efficiency (cell average/ cell edge)
Vertical dynamic beamforming
	Gain

	2.41/0.050
	0.00%/0.00%
	2.43/0.055
	0.83%/10%
	2.53/0.073

	4.98%/46%


In table 2, we give the simulation results of several different limited elevation angle values, from the simulation results, we could see that with random selection of ( = min(( ,52() or ( = min(( ,90(), the performance is similar with no limited range of (.
Table 2 performance with different limited elevation angle value
	2D spectrum efficiency
(cell average/cell edge )
	Gain
	3D spectrum efficiency (cell average/ cell edge )
( = min(( ,52 ()
	Gain
	3D spectrum efficiency (cell average/ cell edge )
( = min(( ,90()
	Gain
	3D spectrum efficiency (cell average/ cell edge )
( without limited range
	Gain

	2.41/0.050
	0.00%/0.00%
	2.53/0.073
	4.98%/46% 
	2.54/0.073
	5.39%/46%
	2.54/0.073
	5.39%/46%


4 Conclusions

This contribution aims at the 3D MIMO channel model by extending ITU-R channel model with reference to WINNER II and WINNER+.
The following is observed and proposed:

· 3D channel parameters and modeling should be discussed comprehensively, including 
· The cross correlation matrix between elevation angle and other parameter is extended to 7×7, and the problem which could not find square root of the matrix is to be solved
· The limited range of elevation angle is to be determined
· The difference between generating elevation angle and azimuth angle is to be found
· The generation equation of 3D channel coefficients is to be determined
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Appendix
Simulation assumptions
	Cell layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Load 
	10 UE per sector

	Bandwidth
	10 MHz

	Channel model 
	WINNER,Uma,2D and3D channel 


	UE speed 
	3km/h

	Antenna configuration 
	 BS array: 2 row ,0.5λ , 4 column, 0.5λ ,DP, +/- 45 degrees; 

UE: 2Rx, DP, +90/0 degrees 

	Traffic model
	Full buffer

	Feedback granularity 
	6RBs 

	3D PMI algorithms 
	reuse Rel-8 2/4Tx codebooks, UE feedback two 2D PMIs based on two set of independent codebooks 

	Scheduler
	Proportional Fair

	CQI feedback period
	5

	Channel estimation
	ideal

	MIMO mode
	SU-MIMO
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